Background/Aims: Diabetic kidney disease (DKD) is a leading cause of end-stage renal disease. However, no effective treatments for this disease are available. Calcium dobesilate (CaD) is widely used to treat diabetic retinopathy. DKD and retinopathy often co-exist and have similar mechanisms of pathogenesis. The aim of the present study was to elucidate the safety and efficacy of CaD in the treatment of DKD. Methods: In the prospective randomised controlled study, 100 DKD from Type 2 diabetes mellitus (DM) patients with a urinary albumin/ creatinine ratio (ACR) ≥30 mg/g and urinary protein level between 150 mg/24 h and 2 g/24 h with GFR>90ml/min were enrolled.The patients were randomly divided into the treatment group (500 mg of CaD, administered orally, 3 times per day) and the control group. DKD patients were treated for 3 months. In the case control study, DM patients without proteinuria and healthy individuals were also enrolled. Clinical data and related biochemical parameters were collected. Endothelial function markers (VEGF, ET-1, eNOS, NO) and inflammatory markers (MCP-1, ICAM, PTX3) were detected by ELISA. Results: In the prospective randomised controlled study, the 24 h urinary albumin and 24 h urinary protein levels significantly decreased after three months of treatment with CaD in the patients with DKD, but the cystatin C-based glomerular filtration rate (GFR) remained unchanged. In addition, the levels of inflammatory markers (PTX3, MCP-1, hsCRP, ICAM) and endothelial dysfunction markers (VEGF, ET-1) were significantly reduced compared to pre-treatment levels, NO was significantly increased post treatment. In the case control study, we found that PTX3, MCP-1, ICAM, VEGF and ET-1 levels were positively correlated with urinary albumin in DKD patients, while the NO level was negatively correlated. Logistic regression analysis showed that PTX3, NO and HbAlc were influential factors in DKD. After patients with DKD were treated with CaD for three months,
Introduction
In developed countries, the primary cause of chronic kidney disease (CKD) is diabetic kidney disease (DKD), and approximately 15-25% of type 1 diabetes mellitus (DM) patients and 30-40% of type 2 DM patients suffer from DKD [1] . DKD is also the main cause of endstage renal disease (ESRD) [2] . The incidence of DM in China has increased each year [3] , and the incidence of DKD is also increasing. According to the results of the Shanghai Dialysis Registration System in 2015, DKD accounted for 14.32% of year-end ESRD patients and was ranked as the second-leading cause of ESRD in China, after chronic glomerulonephritis (42.4%). Data from the United States Renal Data System (USRDS) in 2015 showed that ESRD patients with diabetes had not only the highest total hospitalisation rate but also the highest hospitalisation rates for cardiac disease, infection and vascular access infection. The survival of DKD patients was also the lowest among these hospitalised patients. Thus, DKD has become a serious health problem.
In patients with microalbuminuria (urinary albumin excretion rate >30 mg/24 h) or macroalbuminuria (urinary albumin excretion rate >300 mg/24 h), drugs blocking the reninangiotensin-aldosterone system (RAAS) are the most widely used and include angiotensinconverting enzyme inhibitor (ACEI) and angiotensin II receptor blockade (ARB). These drugs have been shown to delay the development and progression of DKD and improve renal function [4, 5] . Aldosterone was found to cause renal injury and induce inflammation, fibrosis and necrosis in basic medical science studies [6, 7] . However, 'aldosterone escape' occurred in 40% of the patients using ACEI and ARB, and their aldosterone levels remained high despite targeting the RAAS. ' Aldosterone escape' is associated with a decline in the glomerular filtration rate (GFR) [8, 9] . Therefore, in addition to RAAS blockers, we must also explore new methods to delay the progression of DKD.
A long-term prospective study found that endothelial dysfunction and the inflammatory state of types 1 and 2 DM are associated with cardiovascular mortality, kidney disease and all-cause mortality [10] . Moreover, patients with microproteinuria and type 2 DM have elevated inflammatory markers and impaired endothelial function, which can affect patient prognosis [11, 12] .
Calcium dobesilate (CaD) protects blood vessels and improves circulation by lowering blood viscosity, inhibiting platelet activity and reducing capillary permeability [13, 14] . Additionally, CaD also plays a role in inhibiting apoptosis and inflammatory factors [15] . CaD is extensively used to treat diabetic retinopathy [13] [14] [15] [16] [17] , chronic venous insufficiency [18] and multiple microangiopathic diseases [19] . Renal microvessels and retinal vessels exhibit a similar vascular structure; thus, renal and retinal injury often co-exist in DKD. Although CaD has a definite therapeutic effect on diabetic retinopathy, the efficacy and safety of CaD have rarely been reported in DKD studies. CaD can improve the renal function of rats with streptomycin-induced acute renal injury, as has been reported in animal experiments [20] . A few studies in clinics also showed that CaD can be used to treat DKD and reduce albuminuria [21] .
In the present study, a cross-sectional study method was first used to explore the endothelial dysfunction and microinflammatory state in patients with DKD. Then, a prospective, randomised controlled trial was conducted to evaluate the efficacy and safety of CaD in patients with DKD.
Materials and Methods
Cross-sectional study to explore endothelial dysfunction and the microinflammatory state in DKD patients Subjects. The subjects were divided into three groups: DKD group, DM without proteinuria group, control group. Selection criteria for DKD group were: type 2 DM patients diagnosed in accordance with the 2014 American Diabetes Association (ADA) diagnosis and treatment guidelines; and patients with a albumin/creatinine ratio (ACR)≥30 mg/g and 24 h urinary protein between 150 mg and 2g in random morning urine samples at least twice in the past 3 months; and patients with the presence of diabetic retinopathy; and patients with no previous history of hypertension and with blood pressure≤140/90 mmHg; and patients with a GFR≥90 ml/min/1.73 m2; and patients aged 18-70 years. Exclusion criteria for DKD group were: patients with cardiac and hepatic insufficiency; or patients with severe cerebrovascular disease; or patients with haemorrhage and coagulopathy diseases; or patients with ketoacidosis, infection and fever; or pregnant and lactating women. DM without proteinuria group was defined as Type 2 DM patients who had normal urine test results, a GFR ≥90 ml/min/1.73 m2 and no history of hypertension were age and sex matched to the DKD patients enrolled in this study. Control group was defined as healthy individuals who were age and sex matched to the patients and had normal urine test results and renal function were collected from the physical examination centre of our hospital from March 2015 to March 2016.
Informed consent. All patients included in the study signed an informed consent form.
Methods. This part of the study was a three-way age and sex matched case control study (DM patients with proteinuria, no proteinuria and healthy controls). DKD group, DM group and healthy controls who met the inclusion criteria were followed up once.
General conditions included age, sex, blood pressure (systolic blood pressure, diastolic blood pressure and mean arterial pressure), any history of cardiovascular diseases (CVDs) (coronary heart disease, cerebrovascular disease, including haemorrhage and infarction, and peripheral arterial disease) and medication history (e.g., statins). Serum cystatin C (Cys C), creatinine, urea nitrogen, uric acid, routine blood tests, albumin, cholesterol, triglyceride, high-density lipoprotein, low-density lipoprotein, HbAlc, high-sensitivity C-reactive protein (hs-CRP), 24 h urinary albumin and 24 h urinary protein were analysed by the biochemical laboratory of our hospital. Levels of serum vascular endothelial growth factor (VEGF), endothelin-1 (ET-1), monocyte chemotactic protein 1 (MCP-1), intercellular adhesion molecule-1 (ICAM), endothelial nitric oxide synthase (eNOS), nitric oxide (NO) and plasma pentraxin 3 (PTX3) were measured by an ELISA. The eNOS kit was manufactured by TSZ (Boston, MA, USA). The VEGF, ET-1, MCP-1, ICAM, NO and PTX3 kits were manufactured by R&D (Minneapolis, MN, USA). The GFR was calculated according to the CKD-EPIcys equation [22] . Morning fasting peripheral venous blood (7 ml) was collected from all subjects after enrolment. The specimens were placed in ordinary tubes and EDTA anticoagulant tubes and then centrifuged for 30 min (4, 000 rpm, 10 min). Serum and plasma were separated, placed in Eppendorf tubes and preserved in a -80℃ refrigerator. Additionally, 24 h urine specimens from DKD patients were preserved.
Statistical methods. All data were processed and analysed using the SPSS 20.0 statistical software package. A normal distribution test was conducted before analysis, and the data were considered to conform to a normal distribution when P>0.05. Measurement data that were normally distributed are expressed as the means±standard deviation. T-test was performed to compare the two groups. Three groups measurement data comparison used analysis of ANOVA. Data that did not conform to a normal distribution are expressed as medians (quartile) [M(1/4, 3/4)], and group comparison was performed using a nonparametric test. Count data are expressed as percentages (%), and group comparison was performed using the chi-squared test. Univariate analysis (Spearman's correlation) was used to test the relationship between urinary protein excretion and various clinical biochemical indices in patients with DKD. The sensitivity and specificity of each index for the prediction of urinary protein excretion were assessed using the receiver operating characteristic (ROC) curve and area under the ROC curve (AUC). Logistic regression was used to test the relationship among HbAlc, serum albumin, hs-CRP, PTX3, eNOS, NO and urinary protein excretion. All tests were bilateral two-tailed tests, and P<0.05 indicated that there were statistically significant differences.
Prospective randomised controlled study to observe the efficacy and safety of CaD in patients with DKD Subjects. In this part, the subjects were DKD patients. Selection and exclusion criteria for DKD patients were same as the cross-sectional study. Withdrawal criteria were as follows: patients with abnormal liver function, with alanine aminotransferase or aspartate aminotransferase levels 2-fold higher than the upper limit of normal values; or patients with the need for the additional use of ACEI orARB; or patients who became pregnant; or patients who developed acute blood loss, such as from gastrointestinalhaemorrhage, cerebral haemorrhage or trauma; or patients who insisted on withdrawal.
Methods. The study design in this part of the study was a non-placebo controlled open study design. The DKD patients who met the inclusion criteria were randomly assigned to two groups using the random number method and received three months of treatment. The randomisation process was concealed by sequentially number, opaque, sealed envelopes (SNOSE). The medication group was treated with oral CaD, 500 mg each time, three times per day. The observation group maintained the original hypoglycaemic and hypolipidaemic regimen to evaluate the treatment. The second, third and fourth observation time points were at 1, 2 and 3 months after treatment, respectively.
Collection of clinical medical history information was same as the cross-sectional study. Laboratory tests and calculation of the GFR according to the CKD-EPIcys equation were same as the cross-sectional study. Fasting venous blood (7 ml) was collected from all subjects after enrolment in the morning. The specimens were placed in ordinary tubes and EDTA anticoagulant tubes and then centrifuged for 30 min (4, 000 rpm, 10 min). The serum and plasma were separated, placed in Eppendorf tubes and preserved in a -80℃refrigerator. The specimens were used to measure routine biochemical indices and serum VEGF, ET-1, MCP-1, ICAM, eNOS, NO and PTX3 levels. Additionally, 24 h urine specimens were collected to measure 24 h urinary protein and 24 h urinary albumin. At each follow-up, morning urine specimens were collected to measure urinary albumin. At the end of follow-up, fasting blood was collected to measure routine biochemical indices and serum VEGF, ET-1, MCP-1, ICAM, eNOS, NO and PTX3 levels. We obtained the 24 h urine specimen for the analysis of 24 h urinary protein and 24 h urinary albumin.
Efficacy and safety assessment. Efficacy assessment included: changes in urinary albumin, 24 h urinary protein and 24 h urinary albumin level; and serum CysC and GFR calculated using the CKD-EPIcys equation; and blood VEGF, ET-1, MCP-1, ICAM, eNOS, NO and PTX3 levels. Safety assessment included: vital signs, adverse events and blood biochemical indices during medication, as well as severe adverse events, were assessed from enrolment to 1 week after the last administration.
Statistical methods. Same as the cross-sectional study

Results
Cross-sectional study to explore endothelial dysfunction and the microinflammatory state in patients with DKD General data of the enrolled DKD patients, DM control population and healthy control population. A total of 100 DKD patients who were diagnosed and treated in our hospital from March 2015 to March 2016 were enrolled, in addition to 30 DM patients with normal urine test results and renal function and 30 healthy controls. The DKD patients included 41/100 (41%)males and 59/100 (59%) females, with an average age of (60.18±11.03) years. 15 % (15/100) of DKD patients had a history of CVD: there were 7 /100 (7%) cases of cerebral infarction, 5 /100 (5%) cases of myocardial infarction, 2/100 (2%) cases of lower extremity arterial disease and 1/100 (1%) case of cerebral haemorrhage history. Two DM patients 2/30 (6%) without proteinuria had a history of CVD, with 1/30 (3%) case of cerebral infarction and 1/30 (3%) case of myocardial infarction. Additionally, the medication history of DKD patients 21/100 (21%) included statins, which was not significantly different from the DM group. The populations of the DM control group and the healthy control group were both age Cellular Physiology and Biochemistry
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and sex matched to the patients of the DKD group. The basic data and laboratory biochemical indices of the DKD patients and control populations are detailed in Table 1 .
DKD patients had significantly higher PTX3, MCP-1 and ICAM than the DM patients without proteinuria.
The mean PTX3 of DKD group was 8.56±1.88 ng/ml, and that of the DM without proteinuria group was 6.25±1.89 ng/ml; the level of PTX3 was significantly elevated in the DKD group (P<0.001). The serum MCP-1 level of the DKD group was 197.69±42.71 ng/l, and that of the DM without proteinuria group was 158.19±42.86 ng/l; the MCP-1 level was significantly higher in the DKD group (P<0.001). The serum ICAM of the DKD group was 568.30±103.51 ng/l, and that of the DM without proteinuria group was 405.88±106.06 ng/ml; the level of ICAM was significantly higher in the DKD group (P<0.001). No significant difference was found in hs-CRP among the three groups (Table 1) .
DKD patients had significantly higher endothelial cell function-related indices, such as VEGF and ET-1, but lower NO than DM patients without proteinuria.
The serum VEGF of the DKD group was 1.28±0.23 ng/ml, and that of the DM without proteinuria group was 0.94±0.21 ng/ml; the VEGF level was significantly higher in the DKD group (P<0.001). The serum NO of the DKD group was 149.27±34.62 µmol/l, and that of the DM without proteinuria group was 197.87±37.44 ng/ml; the NO level was significantly lower in the DKD group (P<0.001). The serum ET-1 of the DKD group was 208.95±38.86 µmol/l, and that of the DM without proteinuria group was 141.43±36.62 µmol/l; the ET-1 level was significantly higher in the DKD group (P<0.001). No significant difference was found in eNOS among the three groups (Table 1) .
Inflammatory indices, such as PTX3, MCP-1 and ICAM, as well as endothelial cell functionrelated indices, such as VEGF and ET-1, were positively correlated with 24 h urinary albumin, whereas NO is negatively correlated with 24 h urinary albumin in DKD patients.
Univariate analysis (Spearman's correlation) results showed that inflammatory indices, such as PTX3 (r=0.356, P=0.001), MCP-1 (r=0.254, P=0.003) and ICAM (r=0.247, P=0.004), were positively Table 1 . Demographic and clinical data of the DKD patients and control populations. Mean±SD for normally distributed data and median (range) for non-parametric data. GFR=glomerular filtration rate; CVD=cardiovascular disease; HDL=high density lipoprotein; hsCRP=high-sensitivity protein; LDL=low-density lipoprotein; PTX3=pentraxin 3; HbAlc=glycoseylated hemoglobin; MCP-1=monocyte chemotactic protein 1; ICAM=intercellular cell adhesion molecule-1; VEGF=vascular endothelial growth factor; ET1=endothelin-1; eNOS=endothelial nitric oxide synthase; NO=nitric oxide (Fig. 1-8) .
Logistic regression analysis showed that PTX3, NO and HbAlc are factors that influence DKD. We introduced age, sex, HbAlc, serum albumin, hs-CRP, PTX3, MCP-1, eNOS and NO of DKD patients and DM patients without proteinuria into the logistic regression equation to explore factors that affected the occurrence of urinary protein excretion. As Table 3 shows, the odds ratio (OR) for the elevation of the plasma PTX3 concentration and 24 h urinary albumin was 2.761 (95% confidence interval [CI]: 1.358-5.615, P=0.017). Thus, an elevation in the PTX3 level suggests a 2.7-fold increase in the risk of DKD. Additionally, HbAlc (OR=3.304, 95% CI: 1.228-8.884, P=0.019) was also a risk factor for DKD, whereas NO (OR=0.941, 95% CI: 0.905-0.979, P=0.003) was a protective factor for DKD.
PTX3, NO and HbAlc levels of DM patients are predictive of DKD.
ROC curve analysis showed that the AUC of HbAlc was 0.832 (95% CI: 0.762-0.902, P<0.001); when the cut-off point was 6.95%, the sensitivity and specificity of the detection were 80.6% and 85.7%, respectively. The AUC of PTX3 was 0.848 (95% CI: 0.758-0.938, P<0.001); when the cut-off point was 6.35 ng/ml, the sensitivity and specificity were 79.6% and 76.2%, respectively (Fig. 9) . The AUC of NO was 0.833 (95% CI: 0.730-0.935, P<0.001); when the cut-off point was 175.71 µmol/l, the sensitivity and specificity of the detection were 71.4% and 74.2%, respectively (Fig. 10) .
Prospective randomised controlled trial to observe the efficacy and safety of CaD treatment in patients with DKD
General conditions. The study enrolled a total of 100 DKD patients who were diagnosed and treated at our hospital from March 2015 to March 2016. A prospective randomised controlled study method was used, and DKD patients were divided into two groups: the treatment group and the clinical observation group. The basic data and laboratory biochemical indices of the patients are shown in Table 4 . The treatment group (50 patients) included 24 males and 26 females, with an average age of (57.97±11.65) years. There were 7 patients (14%) with a history of CVD: 5 cases of cerebral infarction, 1 case of myocardial infarction and 1 case of lower extremity arterial disease. The observation group (50 patients) included 27 males and 23 females, with an average age of (61.43±10.03) years. There were 8 (16%) patients with a history of CVD: 2 cases of cerebral infarction, 4 cases of myocardial infarction, 1 case of lower extremity arterial disease and 1 case of cerebral haemorrhage history. The basic data of the two groups were matched according to sex, age, CVD history and medication history. Additionally, group comparison revealed no significant difference between the two groups in terms of the various biochemical indices (Table 4) . (Table 4) ; however, Cys C and the Cys C-based GFR did not change significantly (Table 4) . No significant change occurred in 24 h urinary albumin, 24 urinary protein or the GFR in the observation group after three months.
Moreover, the microinflammatory indices (PTX3, MCP-1, hs-CRP and ICAM) and endothelial injury indices (VEGF, NO and ET-1) significantly improved in the patients following three months of CaD administration (Table 4) . The above indices did not change in the observation group. This finding suggests that CaD improved the urinary protein excretion in the patients with DKD by ameliorating the chronic inflammatory state and endothelial cell function of these patients. Safety assessment. The patients of the medication group showed no significant changes in vital signs (e.g., blood pressure) or various biochemical indices (e.g., hepatic function, HbAlc, albumin and blood lipids) between the values before and those after treatment. Among the fifty patients were given CaD, no adverse drug reactions or severe adverse reactions were found. No severe adverse events associated with the tested drug were observed. There were no adverse events leading to death. Table 4 . CaD reduced the urinary protein in the patients with DKD by improving the chronic inflammatory state and endothelial cell function. Mean±SD for normally distributed data and median (range) for nonparametric data. GFR=glomerular filtration rate; CVD=cardiovascular disease; HDL=high density lipoprotein; hsCRP=high-sensitivity protein; LDL=low-density lipoprotein; PTX3=pentraxin 3; HbAlc=glycoseylated hemoglobin; MCP-1=monocyte chemotactic protein 1; ICAM=intercellular cell adhesion molecule-1; VEGF=vascular endothelial growth factor; ET-1=endothelin-1; eNOS=endothelial nitric oxide synthase; NO=nitric oxide 
Discussion
In 2007, the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF-K/DOQI) guideline proposed that in the majority of DM patients, renal injury should be considered a result of DM in patients showing any of the following: (1) macroalbuminuria; (2) diabetic retinopathy accompanied with microalbuminuria; or (3) microalbuminuria in type 1 DM with a course of DM of at least 10 years. In 2014, the Study Group on Diabetic Microvascular Complications of the Chinese Diabetes Society suggested the following diagnostic criteria for DKD: (1) macroalbuminuria; (2) diabetic retinopathy accompanied with any stage of CKD; and (3) microalbuminuria in type 1 DM with a course of DM of at least 10 years [23] . The type 2 DM patients included in the present study exhibited diabetic retinopathy and had urinary protein excretion, in line with the diagnostic criteria for DKD.
In the prospective study, urinary albumin decreased in a time-dependent manner in the treatment group after CaD administration; no difference was found in urinary albumin among the different time points in the observation group. Following three months of CaD treatment, both the 24 h urinary albumin and 24 h urinary protein levels significantly decreased; however, Cys C and the Cys C-based GFR did not change. In the observation group, 24 h urinary albumin, 24 h urinary protein and the GFR exhibited no significant change after three months. The safety assessment results indicated that vital signs (e.g., blood pressure) and various biochemical indices (hepatic function, HbAlc, albumin and blood lipids) did not differ significantly before and after CaD treatment. No adverse reactions were observed during treatment. The results show that CaD can effectively reduce urinary protein excretion and that this treatment is tolerated by patients with DKD.
In the present study, we found that the DKD patients had significantly higher inflammatory indices, such as PTX3, MCP-1 and ICAM, and endothelial cell function-related indices, such as VEGF and ET-1, than the DM patients without proteinuria; in contrast, NO was significantly reduced. Additionally, the inflammatory indices, such as PTX3, MCP-1 and ICAM, as well as the endothelial cell function-related indices, such as VEGF and ET-1, were positively correlated with 24 h urinary albumin; NO was negatively correlated with 24 h urinary albumin. Furthermore, logistic regression analysis showed that PTX3 and HbAlc were risk factors for DKD, whereas NO was a protective factor. Following three months of CaD treatment, urinary albumin decreased in the DKD patients in a time-dependent manner, and 24 h urinary protein decreased, but the GFR did not change significantly. Additionally, the levels of both microinflammatory indices (PTX3, MCP-1, hs-CRP and ICAM) and endothelial injury indices (VEGF, ET-1) were significantly lower after treatment than before treatment. NO were significantly higher. These findings suggest that CaD may improve urinary protein excretion by ameliorating the chronic inflammatory state and improving endothelial cell function in patients with DKD.
Microalbuminuria is an early manifestation of DKD as well as an independent risk factor for the morbidity and mortality of CVD; this finding suggests that systemic endothelial function impairment may be a cause of CVD and DKD in DM [24] . DKD is known to be associated with an early elevation and a late decrease in the GFR. We selected DKD patients who had proteinuria but a normal GFR to explore the role of CaD in the treatment of early DKD. Glomerular capillary angiogenesis may be a cause of the early elevation in the GFR. A streptomycin-induced DM mouse model showed an increased number and length of glomerular capillaries as well as increased cross-sectional area of the capillaries [25] . Similarly, an increased number of new blood vessels in the kidney has also been observed in a human study [26] . These new blood vessels have a thin and immature basement membrane, endothelial swelling and decreased selective filtration capacity, which may be related to microalbuminuria. In the late stage of DKD, the GFR is reduced, and the number of glomerular capillaries is decreased. If DKD patients with a reduced GFR are selected, the subjects may not reflect the anti-proliferative effect of CaD, thus affecting the measured efficacy. The characteristic fluctuation in the GFR from high to low in DKD may be related to VEGF, as VEGF also exhibits a similar fluctuation [27] . VEGF is closely associated with diabetic microangiopathy, but the mechanism has been investigated more often in diabetic retinopathy, which is characterised by retinal angiogenesis with abnormal vasculature and filterability. Without laser therapy, proliferative diabetic retinopathy can lead to irreversible retinal damage and blindness. Although further research is needed, theoretically, anti-VEGF therapy shows some prospects in proliferative diabetic retinopathy [28] . In the kidney, VEGF is mainly produced by podocytes. VEGF expression is increased in the early stage of DM, which can promote angiogenesis. However, in the late stage of DM, VEGF expression decreases, perhaps due to a decreased number of podocytes, resulting in fewer renal capillaries and a reduced GFR. Anti-VEGF therapy is effective in an early DKD model [29] . In the present study, we found that the serum VEGF level in the DKD patients (1.28±0.23 ng/ ml) was significantly higher than that in the DM patients without urinary protein excretion (0.94±0.21 ng/ml); additionally, VEGF was positively correlated with 24 h urinary protein, in agreement with the results of the above study.
The NO level decreased in DKD, which could be related to the decrease in the NO level caused by human gene polymorphisms [30] . This finding was also found in eNOSdeficient mice. Streptomycin-induced mice showed the early pathological changes of DKD, namely, glomerular basement membrane thickening and mesangial dilatation. With the same treatment, eNOS-knockout mice showed the pathological changes of late DKD, such as mesangial cell dissolution, Kimmelstiel-Wilson (K-W) nodule formation, arterial hyalinisation and renal tubulointerstitial alteration. One potential reason for this finding may be that the self-regulation of glomeruli is impaired, leading to increased intraglomerular pressure. Hypotensive therapy with hydralazine can prevent renal injury in eNOS-knockout mice, supporting the above inference [31] . Another possible pathogenic mechanism is 'VEGFeNOS uncoupling'. VEGF generally induces NO production, which has a protective effect on glomerular endothelial cells. However, in the case of NO decline, VEGF is over-generated, inducing an inflammatory state, abnormal endothelial cell proliferation and macrophage infiltration; these proliferative and inflammatory events interact with each other, promoting disease progression [32] . The role of NO in regulating VEGF was also found in diabetic retinopathy in eNOS-knockout mice. Compared with wild-type DM mice, the eNOS-knockout mice had retinopathy that progressed more rapidly, as characterised by retinal capillary formation and increased retinal vascular permeability in abnormal cells [33] . The present study also demonstrated that serum NO levels were significantly lower in the DKD patients than in the DM patients without urine protein excretion and were negatively correlated with urinary protein levels in the patients. Logistic regression analysis results showed that NO is a protective factor for DKD, and ROC results suggest that the NO level has a predictive role in DKD. These findings are in agreement with previous findings.
In addition to angiogenesis, microinflammation plays an important role in the development and progression of DKD [34] [35] [36] [37] [38] . Both intercellular cell adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) have been found to be upregulated in DKD; as suggested by their names, these two factors facilitate the adhesion of inflammatory cells and recruit circulating immune cells [39, 40] . In the present study, we found that the levels of MCP-1, PTX3 and ICAM were significantly elevated in the DKD patients compared with those in the DM patients without proteinuria; these factors were positively correlated with the urine protein level in these patients. Logistic regression analysis results revealed that PTX3 is a risk factor for DKD, and ROC results suggested that PTX3 has a predictive role in DKD.
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In the circulation of type 2 DM patients, ET-1 is generally elevated [41] , and this elevation has been shown to affect insulin sensitivity in healthy populations. A cross-sectional study also demonstrated that both serum and urine ET-1 levels were significantly elevated in type 2 DM populations and correlated with urinary protein excretion and blood pressure [42] . In the present study, we also showed that the serum ET-1 level was elevated in DKD patients and positively correlated with the urine protein level in these patients. This finding is consistent with the results of previous studies.
However, there are also some limitations for the application of CaD in DKD because both in vivo and in vitro, CaD interferes to some extent with the serum creatinine measured by the sarcosine oxidase assay, which causes difficulty in the assessment of renal function. Once the GFR declines in DKD patients, the disease progression begins to accelerate; these patients also have more cardiovascular complications than typical CKD patients and even enter dialysis earlier. This situation results in inconveniences and safety risks for patient follow up. But research using big data suggests that CaD does not affect the Cys C assay; thus, the use of Cys C is proposed for the assessment of renal function levels in patients using CaD. Cys C is commonly used as an indicator for assessing renal function and may be more sensitive than the traditional method [43] . Given that CaD interferes with the enzymatic assay of creatinine, we used Cys C and the GFR calculated using the CKD-EPI Cys C equation to assess renal function. The results showed that neither the serum Cys C level nor the GFR changed significantly in the patients after treatment compared with those before CaD treatment.
Diabetic nephropathy and retinopathy pathogenesis share some similarities: both are proliferative lesions and are associated with a microinflammatory state [44] . CaD can be used to treat diabetic retinopathy through anti-oxidation and anti-free radical mechanisms, which has proven efficacy [15] . CaD is also extensively used to treat diabetic fundus oculi disease; however, little research has been dedicated to its clinical efficacy and administration safety in patients with diabetic nephropathy. In the present study, we found that the urinary albumin decreased in a time-dependent manner in the DKD patients following three months of treatment with CaD; additionally, 24 h urinary protein decreased, whereas the GFR did not change significantly. Safety indices, such as hepatic function, also did not change significantly after treatment compared with those before treatment. Moreover, the microinflammatory indices (PTX3, MCP-1, hs-CRP and ICAM) and endothelial injury markers (VEGF, ET-1) were significantly reduced compared with those before treatment, except NO was significantly increased. Our preliminary results show that by using CaD in patients with DKD may improve urinary protein excretion by alleviating the chronic inflammatory state and improving endothelial cell function and that CaD is safe and effective.
We acknowledge several limitations of this study. First, our diagnosis of DKD is based on clinical manifestations, not on renal biopsy. Second, although described as a trial to assess efficacy and safety, the period of our study is limited in length so can only really be expected to be a pilot. Third, due to the small number of cases and the short period of follow-up, our findings need to be further verified by multi-centre, double-blind, randomised, controlled studies.
Conclusion
CaD may improve urinary protein excretion by ameliorating the chronic inflammatory state and improving endothelial cell function.
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